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Universiti Malaysia Sarawak 
ABSTRACT 
A study on genetic relationship among Rhinolophus species was conducted in Borneo. A total number of thirty­
two individuals from ten species of Rhinolophlls including one species (R. yunenensis) from Thailand were 
analysed using DNA sequencing technique. A total of nine samples included four samples from Genbank of 409 
bp length of sequence were examined. Of the 409 nucleotide positions examined, 149 positions (36.4%) were 
variable sites and 104 positions (25%) were phylogenetica\ly informative sites. Cyt b mitochondrial DNA was 
targeted to amplify 450 base pair sequences and phylogenetic relationships were constructed using distance 
neighbor joining and maximum parsimony analyses. The results showed that genus Rhinolophus is 
monopheletic, which formed two clusters. Phylogenetis analyses indicated that relationship within Rhinolophus 
is close ranging 6.8% to 17.8%. Further studies on the genetic relationship should be conduct by using full 
sequence ofCyt b (1140bp) and five species of Rhinolophus. 
Keyword : Rhinolophus, mtDNA, cytochrome b, Phylogenetic tree. 
ABSTRAK 
Kajian mengenai hubungan genetik antara genus rhinolophus telah dijalankan di Borneo. Sebanyak 32 individu 
yang lerdiri daripada 10 species rhinolophus. termasuk satu spesis (R. yunenensis) dari Thailand telah dianalisa 
menggunakan teknik analisis jujukan DNA bagi gen mtDNA Cytochrome b (450bp). Sebanyak sembi/an sample 
lermosuk empat sample dari Genbank telah diuji dan memperolehi 409bp panjang sequence. Daripada 409 
sequence. sebanyak 149 posisi (36.4%) adalah "variable site" manakala 104 posisi (25%) adalah 
"phylogenelically informative site ". Terdapat dua topologi telah dibina menggunakan neighbor joining dan 
maximim parsimony. Hosi/ daripada analisis tersebut didapati bahawa genus Rhinolophus membentuk 
monofllitik dengan menbentuk dua cluster. Analisa fllogenetik menllnjukan hubungan antara Rhinolophus 
odolah dekol dengan niloijarak genetik an/ara 6.8% hingga 17.8%. Walau bagaimanapun. kajian lanjut perlu 
tJilakukan dengan menggunakan jujllkan Cyt b (l140bp) yang lebih panjang dan menambah lima lagi species 
Rhirtolophus. 
Kotokunci: Rhinolophus. mtDNA. cytochrome b, Phylogenetic tree. 
1.0 Introduction 
Bats belong to Order Chiroptera. Bats have a pair of wing membrane and the only mammals 
that can fly (Payne el al., 1985). All over the world, there are 188 genera and 977 species 
from 18 families. While in Indomalaya, there are 65 genera and 307 species from 10 families 
(Corbet and Hill, 1992). According to Khan (1992), there are 84 species of bats from seven 
families in Peninsular Malaysia while in Borneo, there are 92 species from eight families are 
recorded (Payne el al., 1985). 
Chiroptera is divided into two suborders, namely Microchiroptera and Megachiroptera. 
According to Findley (1993), Megachiroptera is different from the Microchiroptera that it is 
postulated monophyly origin is still debatable among chiroptologist. Microchiroptera consists 
of seven families (Emballonuridae, Megadennatidae, Nycteridae, Rhinolophidae, 
Hipposideridae, Vespertilionidae and Molossidae). Megachiroptera consists of one family 
Pteropodidae which feed on fruit or on the nectar of flower, use eyes for finding their way and 
often large (Yasuma and Andau, 1999). In Borneo, Megachiroptera consists of 17 species 
from 11 genera while Microchiroptera consists of 75 species from seven families (Payne el 
al., 1985). 
Suborder Microchiroptera feeds on insects and dependents on echolocation has led to 
modification of their ears and in some genera of the area of the face round the nose. Beside 
that, there are folds and frills of skin around the nose, which believe to enable the bat to direct 
d beam its pulses of ultra-sound and so enhance the efficiency of the echolocation system 
(T ie, 1978). According to Payne el al. (1985), the family of insect bats can be recognised 
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by looking and comparing their ear shape, wing shape, the presence or absence of noseleaf 
and tail pattern. While for the family Rhinolophidae there is sella at the connecting process 
and the shape of sella is useful as diagnostic character between species of Rhinolophus 
(Figure I). 
Figure I. Rhinolophus borneensis (Photo by Ee Ling) 
According to Findley (1993), Rhinolophidae is closely related to Megadermatidae and 
Nycteridae, which can be recognised by the complexity of facial ornamentation. Throughout 
the tropical and temperate region of the old world, there are over 50 species of Rhinolophus 
(Lekagul and McNeely, 1988). While in Borneo there are 10 species of genus Rhinolophus 
namely R. philippinensis, R. creaghi, R. acuminatus, R. arcuatus, R. borneensis, R. pusillus, 
R. ajJi.nis, R. luctus, R. sedulus and R. trtfoliatus (Payne et al., 1995; Yasuma and Andau, 
1999). R. luctus is the biggest compared to others with the forearm range between 63 to 67 
mm while R. trifoliatus has a distinctive yellowish noseleaf and ears (Payne et al., 1995). 
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Previously the genus Rhinolophus was associated with Vespertilionidae (Lekagul and 
McNeely, 1977). Gervais (1854) later reviewed it and he recognized the latter as a distinct 
family Rhinolophidae, which includes genera Rhinolophus, Hipposideros and Asellia. Miller 
(1907), Walker (1964) and Hill (1974) placed the genera Rhinolophus, Hipposideros, and 
Asellia including Coelops and Asellsicus in a separate family Hipposideridae. Lekagul and 
McNeely (1988) restricted the Rhinolophidae to a single genus Rhinolophus whereas 
Rhinomega/ophus Bourret which was included III Rhinolophidae by Walker (1964) was 
considered as a synonym following reviews from authors such as Hill (1972) and Thonglonya 
(1973). 
The controversy about relationship between Aselliscus and other genera in Hipposideridae and 
Rhinolophidae had attracted the attention of some taxonomists. Through molecular technique 
based on mtDNA cytochrome b (cyt b) sequence gene, Wang et al. (2001) suggested that each 
Hipposideridae and Rhinolophidae is monophyletic group and Aselliscus should remain as a 
genus within Hipposideridae with the mean percentage sequence differences (16.43%) while 
transition:transversion ratios (2.032) between Aselliscus and Hipposideridae. 
According to Teeling et al. (2002), there are some issues related to the complexities on the 
taxonomy of microchiroptera and this is a major challenge in molecular phylogeny. The first 
issue is the view that bats belong to the superorder Archonta that includes primate, tree shrew 
and flying lemur. Secondly, microchiroptera is monophyly and instead support an alliance 
between megachiroptera bat and representative rhinolophoid from Rhinolophidae and 
Megadermatidae. While another issue is ostensibly contradicts these result and support 
representative rhinolophoids from the family Nycteridae. Based on that issue Teeling et al. 
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(2002) conducted the research by usmg a 7.1 kb nuclear and found that bats are m the 
superorder Laurasintheria and microchiroptera are paraphyletic. 
1.1 Mitochondria DNA (mtDNA) 

1be success of a study on molecular genetic is influenced by some factors such as condition 

of samples, human error and most important is the chemical used such as a suitable primer. 

According to Hillis et af. (1996), mitochondrial DNA (mtDNA) sequences have received the 

most attention are the gene for ribosomal RNA (12S and 16S), cyt band cy10chrome oxidase 

I (COl) and COIl, as well as the control region. 

According to Roe et af. (1984), animal mtDNA is a circular molecular with range of size from 
IS to 20 kb (Figure 2). It contains about 37 genes, which encode for 22 tRNAs, 2 rRNAs and 
13 protein (COl, COIl, COllI, ATPase 6, Cyt band 8 additional unidentified reading frame). 





Figure 2: Gene map ofthe mtDNA. The shaded region shows the Cyt b (1140 bp) locus gene 
marker. Diagram was adapted from http// www.mun.ca/biology /scarr/ mtDNA 
_Cytb.htm. Accessed date: 22 June 2004. 
According to Avise (1994), the application of mtDNA genes could resolve many 
controversies in evolutionary biology, ecology and taxonomy of various animal taxa. Cyt b 
gene has proved to be infonnative and appropriate for studies of animal at intraspecific and 
interspecific variation across a variety of mammals (Domboski et al. 1998). Irwin at el. 
(1991) used cyt b as a phylogenetic probe because it may be easier to align a protein-coding 
sequence that has evolved over the spanning the origin of mammalian orders than to align 
either mitochondrial rONA or non-coding sequence from distant relatives. There are some 
studies conducted using cyt b such as on genus Collocalia (Thomassen et a/., 2003), Bastian 
et aI., (2001) on selected megachiroptera, Campbell et a/., (2004) on Cynopterus and Wang et 
a/., (2001) on Hipposiderids and Rhinolophids. 
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1.2 Problem Statement 
Bats are difficult to identified from distance unless that animals can be captured for close up 
examination. Teeth of the bats should be examined to confinn the identity. The criteria to 
identify the species of genus Rhinolophus including coloration, measurement of foreann, 
present of lappet, size of ear and the most important is the shape of sella (Payne et al., 1995; 
Yasuma and Andau, 1999). However, confusion between immature and adult specimen with 
similar morphology also contribute towards wrong identification. According to Payne et al. 
(1995) immature are generally much duller in colour, grey or grey brown and if held against a 
bright light, the wing joints of immature will appear banded where the cartHage has not yet 
turned to bone. Meanwhile lack of knowledge and experience in this field also has put up the 
difficulties in the process of identification of species. However, through the DNA technique 
the identity of the species Rhinolophus can be resolved. Additionally, based on the divergence 
in the sequence data, a new phylogeny can be reconstructed and proposed. 
In Borneo, there are limited study on phylogenetic relationship order Chiroptera especially in 
the family Rhinolophidae. There are some preliminary studies by Unimas lecturers and 
students (Salleh, et al. 1999; Soon, 2001; Paul, 2000; Fong, 2004) but their study were not 
specific to family Rhinolophidae and were not successful in the construction of a phylogenetic 
tree. There are studies by the other researchers on the other species of bats but again not on 
relationship molecular among genus Rhinolophus (Hoofer and Bussche, 2001; Stadelmenn et 
al., 2004). Meanwhile the data on their phylogenetic relationship within the genus 
Rhinolophus is still lacking. There is no molecular data on genus Rhinolophus in Borneo 







The main objective of this study is to identify the genetic relationship among the species 




3.0 Materials and Methods 
3.1 Tissue collection. 
A total of 24 tissue samples of Rhinolophus species were collected from Unimas Museum 
from different localities in northern and western Borneo, four samples were collected from 
Bau, Sarawak and four samples from Niah National Park during the recent fieldwork (Table 
1). Tissue samples were preserved in 70-80 % ethanol. Bucklin and Allen, (2003) had 
mentioned that tissue sample preserved in ethanol have higher yield and more large fragments 
of DNA compare to those preserved in fonnalin 
3.2 DNA extraction and isolation 
Based on the protocol of Greme et a1. (1993), I cm2 of tissue sample was minced and placed 
in a 1.5 Ill-microcentrifuge tube containing 700 III of cetyltrimethylammonium bromide (2 X 
e TAB) and added with 5 III of proteinase K. Then the mixture was incubated at 65°C in a 
shaking waterbath for three hours. After the incubating period, 700J.lI of clorofonn-isoamyl 
alcohol was mixed and shaked for two minutes. The mixture was then centrifuged at 15000 
rpm for ten minutes. 600 III of upper aqueous phase were transfered to a new microcentrifuge 
tube and added with 600 J.lI of cold absolute ethanol then mix by vortexing. The mixture was 
bifuged again, at 15000 rpm for 10 minute. The supernatant was discard to leave the pellet 
alone. The pellet was washed with 600 III of cold 70% ethanol and 25 III 3M NaOAc or NaCI 
mixed by inversion. Repeat centrifuge again and the ethanol was again discard. The 
was air dried to get rid of all excess ethanol, which might cause problem in PCR steps. 
the pellet was dissolved with 100 JlI sterilized distilled water. The mix was treated 
ifthere was a lot of RNA excess after visualised under UV. 
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I: Tissue sample of genus Rhinolophus reference number and localities. 
Museum No. Species Location 
00256 Rhinolophus yunenensis Srikin N. P, Thailand 
00054 R. affinis ITM Site, Sarawak 
0051 3 R. affinis G. Pueh, Sarawak 
00253 R. affinis Doi- Sathip N. P., Thailand 
0001 1 R. trifoliatus Sg. Murum, Bakun, Sarawak 
000 12 R. trifoliatus Sg. Murum, Bakun, Sarawak 
00389 R. trifoliatus Poring, Sabah 
00344 R. creaghi P. Banggi, Sabah 
00345 R. creaghi P. Banggi, Sabah 
10 00346 R. creaghi P. Banggi, Sabah 
11 00095 R. sedulus Sg. Rayu, Sarawak 
12 00100 R. sedulus Sg. Rayu, Sarawak 
13 00123 R. sedulus Samunsam, Sarawak 
14 00348 R. pusillus P. Banggi, Sabah 
S 00349 R. pusillus P. Banggi, Sabah 
16 00257 R. pusillus Srikin N. P, Thailand 
17 00098 R. acuminatus Danum valley, Sabah 
18 0051 2 R. acuminatus G. Pueh, Sarawak 
19 00487 R. acuminatus Tawau Hill, Sabah 
Bau84 R.luctus Bau, Sarawak 
Bau 167 R.luctus Bau, Sarawak 
00442 R. borneensis G. Gading, Sarawak 
00190 R. borneensis Sabal, Sarawak 
00272 R. borneensis Sg. Rayu, Sarawak 
JC28 R. sedulus Jambusan, Bau, Sarawak 
JC74 R.luctus Jambusan, Bau, Sarawak 
JC75 R.luctus Jambusan, Bau, Sarawak 
JC76 R. affinis Jambusan, Bau, Sarawak 
MNP091 R. philippinensis Niah Cave, Miri, Sarawak 
MNP094 R. philippinensis Niah Cave, Miri, Sarawak 
MNP106 R. philippinensis Niah Cave, Miri, Sarawak 
MNP1 26 R. Niah .. Sarawak 
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3.3 DNA amplification or Polymerase Chain Reaction (PCR) 

PCR is a process, where a small amount of specific DNA fragments could be amplified more 

a million - fold (Scott and Graham, 2001). Before PCR process, the master-mix was 










Then, transfer amount of master-mix in 0.2, . tl microcentrifuge PCR tube and add DNA 
Lastly add Taq polymerase. There are two cyt b primers (approximately 450 
IIIascp8Jir) will be used in the PCR (Table 3). 
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Table 3: The sequence for the primer cyt b (Palumbi et al. 1991) 
Primer Sequence 
5'-TGACTTGAARAACCA YCGTTG-3' (Forward) 
5' - CCCTCAGAA TGATATTTGTCCTCA-3' (Reverse) 
The mixture was then put into the PCR thennal cycle machine, which the temperature set as 
below: 
Initial denaturation 94°C 2 minutes 
Denaturation 94°C 1 minute 
Annealing 56°C 1 minute 
Extension noc 2 minutes 
Final extension 72°C 5 minutes 
3.4 Visualization of PCR product 
About 3 J.lI of PCR product was subjected to agarose gel electrophoresis containing ethidium 
bromide. PCR product will run on 1.5%gel in lxTAE buffer for about 20-35 minute under the 
han of 9OV. Then the gel was visualised on an ultra violet (UV) transilluminator and the 
strained bands were photograph. 
Purification 
purpose of purification process is to remove any trace of contamination such as the salt, 
reagents and primer-dimer present in PCR product. In this study, purification was done 
the protocol by Fennentes Purification Kit. Purified product was further visualized to 
the purity before sending for sequencing to a private research laboratory. 
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DNA sequencing 
sequencing has become one of the most popular molecular approaches for inferring 
llibYiOfl'81tic history (Hillis et at., 1996). According to Scott and Graham (200 I), the key in 
"emlWllmg the sequence of DNA is by generating a complete range of DNA strands that 
tenninated at the end in a T, C, G or A at every location along a DNA sequence. The 
ofsequencing was produced in the fonn of chromatogram. 
Sequence analysis 
CHROMAS (version 1.45, McCarthy, 2005) program was used to display fluorescence­
DNA sequence analysis results. Analysis of the sequence was done using CLUST AL X 
1.81 programs (Thompson et aI., 1997) for multiple alignments of selected DNA 

and subsequently checked by eye. DNA sequences of Pteropus vampyrus, 

IOIf1elttus amplexicaudatus and Eonyteris speJaea from gene bank were used as out-groups. 

Phylogenetic Analysis Using Parsimony (PAUP*) program version 4.0blO (Swofford, 

was done to examine phylogenetic relationships and construct several types. Neighbor­

(NJ) and maximum parsimony (MP) trees were constructed from the software with 




total of 32 tissue samples from the genus Rhinolophus were successfully extracted using 
crAB (2 X eTAB) and GenispinTM Tissue DNA Kit method. Eight samples showed 
bands and high quality of DNA, based on the appearance of single and bright bands on 
!J'OliIUO:iCl film. The bands were observed above the position of lOkb (GeneRule™ 1 kb DNA 
~Ya) since total genomic DNA extracted is about thirty-two kb in length (Figures 3 and 










3. Gel electrophoresis showing extraction using eTAB. The number re~resents species 
of Rhinolophus (refer Table 1). L represents DNA ladder GeneRuler M 1 kb. 
14 
J.i a' hidmat Maklumat AkademD 
VNIV srrr MALAYSIA SARAWAK 
100 K ta Samnrahan 
4. Gel electrophoresis showing extraction using Genispin TM Tissue DNA Kit. The number 





Polymerase Chain Reaction (PCR) 
PCR were conducted to optimize the conditions for all DNA extraction samples. All samples 
high yields of single band PCR product except samples number I and 17, which had failed 
5, 6 and 7). The single bands of PCR products were located between 400bp to 500bp. 
~ no primer dimer or multiple band and the negative control did not show any band 
This indicated that no contamination occurred in the preparation of master mix. The best 





s. Gel electrophoresis showing PCR products, which the product located between 400-500 

bp (Low range ladder). - ve represents negative control and number represent Rhinolophus 

species (refer Table I). 

6. Gel electrophoresis showing PCR products, which the product located between 400-500 

bp (Low range ladder). - ve represents negative control and number represent Rhinolophus 





7. Gel electrophoresis showing PCR products, which the product located between 400-500 
bp (Low range ladder). - ve represents negative control and number represent Rhinolophus 
species (refer Table I). 
Sequencing analysis 
20 samples sent for sequencing only five were successful in sequencing processes. A total of 
length (refer Appendix 2) of sequence cyt b gene were examined with the nucleotide 
iIIPCItSiticln ofgenus Rhinalophus was A (26.0%), C (29.9%), G (16.6%) and T (27.5%) (Table 3). 
409 nucleotide positions examined, 149 positions (36.4%) were variable sites and 104 
(25%) were phylogenetically informative site. 
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3. Nucleotide composition for each genus Rhinolophus. The numbers represent percentage 
value of nucleotide composition. 
T C A G 

27.4 29.6 25.2 17.8 
28.1 30.3 25.2 16.4 
27.1 30.8 26.2 15.9 
26.9 28.1 26.7 18.3 
28.9 28.9 26.4 15.9 
26.9 31.8 26.2 15.2 
27.5 29.9 26.0 16.6 
percentages of sequence divergence rates obtained from pairwise comparison were shown in 
4. Overall percentage of sequence comparison within Rhinolophus ranged from 6.8% (R. 
and R. acuminalus) to 17.8% (R. lucIus and R. pusillus). The lowest of percentage pairwise 
-"lIlT.son (6.8%) indicated that their relationship between species is closed together. 
for R. amplexicaudalus (AB046327), P. vampyrus (AB046326) and E. spelaea 
were obtained from genbank and used as outgroups. Two phylogenetic trees 
_1Or-jlOmmg and maximum parsimony tree were successfully constructed (Figures 8 and 9). All 
~JI_Jed that Rhinolophus is monophyletic and well supported by bootstraps value of 100%. In 
the Rhinolophus are divided to two clades. Clade I consists of R. acuminalus, R. affinis and 
IIIWtl1IJrt while clade 2 consists of R. pusillus, R. borneensis and R. lucIus. 
different between the two analyses involve the placement of R. lucIus with Ilow bootstrap 
46%. R. lucIus was placed at the base of the Rhinolophus group. That indicated that R. 
a sister group for other species of Rhinolophus. 
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Percent sequence divergence for all pairwise comparison of cyt b nucleotide sequence 
( 09 bp). Sequence divergence was calculated using Kimura -2 parameter (Kimura, 1980). 




0.148 0.158 0.151 
0.149 0.134 0.127 0.145 
0.156 0.134 0.117 0.178 0.129 
0.246 0.242 0.234 0.284 0.261 0.223 
0.243 0.236 0.232 0.294 0.251 0.243 0.196 





Maximum parsimony tree of genus Rhinolophus inferred from cyt b mtDNA with 
Kimura-2 parameter distance (Kimura, 1980) and 1000 replication was used 
(PAUP}.Numbers at nodes indicate the bootstrap values in percentage. 
73 _----- R. acuminatus (B18) 
79 ----- R. affini$ (AF46C97S) 
......---- R. creagh; (89) 
_----------- R. pusillus (816) 
.....-------R. l.>ortJeensis (823)

1...-------- R. luctus (B27) 

_------------ R. amplexicaudatus (AB046327) 
_------------ E. spefaea (ABC62476) 
.....------------- p . vampyrus (AB046326) 
I I 0.02 substitutionl site 
tree of genus Rhinolophus inferred from cyt b mtDNA with Kimura-2 
pll8lDder distance (Kimura, 1980) and 1000 replication was used (MEGA). Numbers at 
indicate the bootstrap values in percentage. 
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